Introduction
Handcart Gulch, an alpine watershed located along the Continental Divide in the southeastern portion of the Montezuma Mining District of the central Colorado Rocky Mountain Front Range, contains an unmined, porphyry-related molybdenite exploration target ( fig. 1) . Process-related studies by U.S. Geological Survey (USGS) scientists and collaborators were undertaken to determine the controls of ground-water chemistry and flow in this mineralized alpine environment (Caine and others, 2004; Manning and others, 2004; Verplanck and others, 2004; Kahn and others, 2005; Kahn, 2005; Caine and others, 2006) . Understanding the natural variation of water chemistry in ground and surface water in mineralized alpine watersheds is important because it provides estimates of premining water quality in historically mined areas with similar geology and climate, as well as providing insight into the fundamental processes that liberate, transport, and deposit constituents that may degrade water quality. Also, chemical data can provide additional constraints when creating ground-water flow models. Detailed descriptions of well construction, lithology, and water-level data and an overview of other research investigations were reported in Caine and others (2006) . (Kimball and others, 1999) . In mountain streams a substantial amount of water can flow through the streambed or hyporheic zone, making it difficult to accurately measure streamflow with traditional velocity measurements within the stream channel. Tracer-injection methods are a reliable way to quantify total streamflow by using changes in concentration of a tracer (LiBr) injected at a constant rate and assuming conservation of mass (Kimball and others, 2002) . 
Purpose and Scope
The purpose of this report is to present water-chemistry data from surface-and and most well-studied stock in the district is the Montezuma stock, which is predominantly porphyritic quartz monzonite in composition but ranges to granite apalite (Neuerburg and others, 1974) . Surface geology of Handcart Gulch was mapped by Lovering (1935) The Montezuma Mining District has a long mining history starting with the initial discovery of silver in 1864 (Lovering, 1935) . Metals mined include silver, lead, zinc, and copper, and ore minerals include galena, sphalerite, and tennantite-tetrahedrite (Botinelly, 1979) . Molybdenite is also associated with the Tertiary porphyry stocks. Because of the proximity to the Climax deposit near Leadville, this district has been explored for molybdenum mineralization. Within the upper portion of Handcart Gulch, no mining has occurred with the exception of one small adit with a waste-rock pile of approximately 10 m 3 .
Climate and Vegetation
In this region surface water is fed by snowmelt, rainfall, and ground water. At higher elevations in the Southern Rocky Mountains most of the precipitation falls in the winter and spring forming the seasonal snowpack (Ingersoll, 2000 These boreholes were drilled to at least 455 m below the surface and were offered to the USGS for use in long-term research. Subsequently, three of these boreholes were logged, cased, and made assessable for ground-water sampling (Caine and others, 2006) . During Handcart Gulch, the outflow from the upper lobe of the rock glacier, were determined using a portable global positioning system (GPS, Garmin 12C, NAD27). Latitude and longitude of the sampling sites were acquired at this time. Transport sites, labeled "T"
( Before sampling of water in shallow wells, the static water level was measured, the wells were pumped for approximately twenty minutes, and pH, specific conductance, and temperature were monitored until they were stable. Deeper wells (WP1 and WP2) were sampled using a tripod and teflon bailer. On-site measurements of pH, specific conductance, temperature, and dissolved oxygen were obtained utilizing a flow-through cell, or were measured from an aliquot of sample water. At each site the pH electrode was calibrated using two buffers that bracketed the measured pH and thermally equilibrated with the water sample. At selected sites Eh was measured. Samples were filtered on site through either a disposable capsule filter having a nominal pore size of 0.45 μm or through a syringe filter having a pore size of 0.45 μm. (Clark and Fritz, 1999) . LiBr solution was initiated at the upstream end of the study reach ( fig. 3 ). The injection site was located in Handcart Gulch, 34 m downstream of the outflow from the southwest lobe of the rock glacier, the uppermost surface water in Handcart Gulch. All stream and inflow samples were collected on August 6 in 1.8-liter HPDE bottles by submersing the neck of each bottle into the water near the thalweg or at the greatest flow of seeps and springs; sample bottles were triple rinsed with sample water prior to collection. Stream-and inflowwater temperature was measured in situ using an alcohol thermometer. Samples were transported to a central processing area where 125-ml aliquots were prepared for cation and anion analyses. Onsite processing included filtration, measurement of pH and specific conductance, and preservation of samples for iron speciation. Filtration was completed using tangential-flow units equipped with 0.45μm membranes (FA/FU) and a 10,000-Daltons filter membrane (UFA), equivalent to approximately 0.005 μm pore size (Alpers and others, 2000) . Aliquots for iron speciation were placed in amber bottles and preserved with concentrated HCl to fix the ratio of ferrous to ferric iron in filtered samples (To and others, 1999) . Aliquots for cation analysis were acidified to pH <2.0 with ultrapure nitric acid (HNO 3 ).
Laboratory Methods
All reagents were of a purity at least equal to the reagent-grade standards of the American Chemical Society. Double-distilled de-ionized water and re-distilled acids using a sub-boiling purification technique (Kuehner and others, 1972) , were used in all preparations. The methods and detection limit for each analysis are summarized in table 4. USGS standard-reference water samples and blanks were included with each sample suite for inductively-coupled plasma atomic-emission spectroscopy (ICP-AES) and inductively-coupled plasma mass spectrometry (ICP-MS). Major cations (Ca, Mg, K, and Na), silica, and selected minor cations for total-recoverable and dissolved samples were determined using a Perkin Elmer Optima 3000™ ICP-AES (Briggs, 2002) .
Minor and trace elements (As, Al, B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Gd, Hf, Ho, La, Li, Lu, Mn, Mo, Nd, Ni, Pb, Pr, Rb, Re, Sb, Se, Sm, Sr, Ta, Tb, Te, Th, Tl, Tm, U, V, W, Y, Yb, Zn, and Zr) for total-recoverable and dissolved samples were analyzed with the ICP-MS using a method developed by the USGS (Meier and others, 1994; Lamothe and others, 2002) . This method is used to directly determine the elements in the water samples without need for any pre-concentration or dilution. Elemental detection limits are in the sub-parts per billion range (table 4) , and the working linear range is six or more orders of magnitude. 
Concentrations of major anions (Br, Cl, F, NO 3 , and SO 4 ) were determined by ion chromatography (Brinton and others, 1995) using a Dionex 2010i™ ion chromatograph with 10-µL and 50-µL sample loops. Standards were prepared from compounds of the highest commercially-available purity. USGS standard reference water samples were used as independent quality control standards. Alkalinity (HCO 3 -) was determined using an Orion 960™ autotitrator and standardized H 2 SO 4 (Barringer and Johnsson, 1989) .
Samples were diluted as necessary to bring the analyte concentration within the optimal range of the method. DOC concentrations (table 5) were determined by the wet persulfate-oxidation method (Aiken, 1992) . Iron (II) redox species and total iron in filtered, HCl-acidified samples were determined using a modification of the FerroZine™ colorimetric method (Stookey, 1970; To and others, 1999 ) with a Hewlett Packard 8453™ diode array UV/VIS spectrophotometer. Epstein and Mayeda (1953) . Water samples were prepared for hydrogen-isotopic analyses using the Zn-reduction technique (Kendall and Coplen, 1985) . The hydrogen analyses were preformed on a Finnigan MAT 252 mass spectrometer. Values of δ 18 O and δ 2 H were relative to VSMOW; they have reproducibility of approximately 0.2 and 1.0 per mil, respectively.
Quality Assurance and Quality Control
Quality control included replicate samples, field equipment blanks, analyses by alternative methods, and calculation of charge imbalance. Replicate samples were two samples considered to be essentially identical in composition and used to estimate variability in environmental data. These samples were collected immediately following the water-chemistry sample and were pumped from the same collection vessel. Each replicate sample was processed through all the steps of the routine water-chemistry sample using a new filter and clean equipment. Replicate samples were analyzed at the same time, using the same instruments as the other samples collected, during the same sampling trip. Analytical results of replicate samples are included in tables 6, 7, 8, and 9, and follow the corresponding water sample (labeled as duplicate). Most major, minor, and trace element replicate concentrations are within ±10 percent of the corresponding water-chemistry sample.
A field equipment blank is a sample prepared using blank (deionized) water that has passed through all the sampling and processing equipment. This type of sample is used to check for the potential contamination of the water-chemistry samples during collection, processing, handling, and analysis. Analytical results are included in tables 6, 7, 8, and 9. Most analytes were below analytical detection limits.
Concentrations of cations were determined by both ICP-AES and ICP-MS, and if concentrations of trace elements were at least three times the detection limit, good agreement between ICP-AES and ICP-MS results was observed ( fig. 4) . Barium, manganese, and strontium were chosen for this comparison because the range in concentrations of these elements was within the working range of both analytical techniques. Data for all samples with complete analyses were checked using the computer program WATEQ4F (Ball and Nordstrom, 1991) for charge imbalance (C.I.), using the following calculation: 
Water Chemistry
The chemical data for samples collected from the shallow and deep wells are presented in tables 5, 6, and 7, and the chemical data for synoptic samples collected during tracer tests are presented in tables 8 and 9. Results of discharge calculations from the tracer study are presented in table 10. Water-isotopic data are presented in table 11 and dissolved sulfate-isotopic data in table 12. The total-recoverable iron concentration is greater than the dissolved-iron concentration for most of the stream samples in the downstream section of the study reach (fig 8) ,
indicating that a fraction of the iron in the water column is colloidal. This is consistent with the observation of fresh-iron precipitates along the stream bed and the occurrence of ferricrete along much of the study reach. fig. 12A-D) . 
